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Architecture for a Mixed Voice and Data Network 



Background of the Invention 

1 . Field of Invention 

This invention relates to communication networks and more specifically voice 
and data networks within a house, an office or a building using existing telephone lines 
with a communication port to outside the voice and data network. 

2. Description of Related Art 

Within an existing home network, devices are limited to one type of network and 
use either voice devices such as phones or computers. There does not exist a device for 
home use that allows communications between multiple phones or computers using 
existing telephone lines. A PBX (private branch exchange) box is the only similar device, 
but requires each phone to be wired individually to the PBX box. The PBX box is very 
expensive, and it would be very expensive to adapt an existing house or building to a 
PBX system if all the telephone lines had to be reinstalled so that each phone line was 
routed separately between a telephone and the PBX box. 

In "Standardization Activities and Technology Competitors for the Home 
Networking," Hwang et al., Proceedings of 1998 International Conference on 
Communication Technology, 1998, pp 787-832, in-home networking is discussed for the 
connection of various devices and the distribution of data to these devices. Multiple data 
types with security must be easily configured, have low cost and negligible maintenance. 
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In "Emerging Home Digital Networking Needs," Chen, W. Y., Proceedings - 1997 
Fourth International Workshop on Community Networking, IEEE, pp 7-12, 1997, the 
possibility of using the IEEE 1394 protocol for a digital home network is explored. There 
are four driving forces for a home network that are discussed, home automation, home 
computer, digital audio and video distribution, and digital access network. 

In US 6,005,861 (Humpleman) a home network architecture is described that has 
an internal digital network interconnecting devices in the home. Network interfaces 
connect entertainment services into the network by coupling to an external network. In 
US 5,999,612 (Dunn et al.) a computer adapter and call routing system allows broad band 
networks, such as cable television, to provide digital data and telephone service. In US 
5,991,634 (Hui et al.) a peer to peer protocol is used to provide a plug and play capability 
in a distributed telephone system. In US 5,929,748 (Odinak) a home control system is 
described using the electrical wiring of a home for communications. The system includes 
the uses high bandwidth and high frequency channels along with low frequency channels 
for control information. In US 5,790,548 (Sistanizadeh et al.) a system and method is 
described for providing an Internet access by means of a Public Switched 
Telecommunication Network (PSTN) using a full time asymmetric digital subscriber line 
(ADSL) between a subscriber processor terminal and a local area network (LAN) node 
and router located remote from the subscriber. 

There are a large number of homes and buildings that have been wired for 
telephone service, and the wiring usually can only accommodate one or two phone lines. 
Attached to these phone lines can be several phones, but only one phone per line can be 
in use on separate conversations at one time. Also unless a calling phone is on one line 
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and the receiving phone is on another line, communication between the two phones 
cannot be accomplished. A computer can use a telephone line by means of a modem to 
connect to an Internet service provider (ISP), but if there are more computers than phone 
lines, all of the computers cannot connect to the Internet a one time. If each telephone 
line is being used by a computer, then the telephones cannot be used, and computers 
cannot communicate with one another unless they are using separate lines. 



□ SUMMARY OF THE INVENTION 

: PS 
; £ :: 

| J? The present invention provides a means by which the existing wiring in a home or 

building can be used as a voice and data network enabling both telephones and computers 
1 3 to communicate within the home, or building, as well as communicate with the Internet 

| s ji 
: rr? 

Q and a Public Switched Telecommunication Network (PSTN). A home voice and data 

Q network (HVDN) of the present invention adapts to the existing telephone lines without 

any rewiring and allows connection between phones within the home or building as well 
as between computers that may be operating within the network. Communications to 
phones and computers outside of the network is accommodated by a device that provides 
a link to either an Internet service provider (ISP) or a Public Switched 
Telecommunication Network (PSTN). 

Nodes within the network, which might otherwise have a telephone jack for 
connecting to phone or modem, are connected to a network device called a voice and data 
module (VDM). A phone and a computer can be connected simultaneously to each VDM 
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at each node of the network. At a node exiting the HVDN is a link to wide area network 
(LTW) device that is connected to an ISP and a PSTN. Communications between nodes 
of the network uses the Token in Ethernet Protocol (TEP) technology to enable a mix of 
voice and data signals to communicate simultaneously within the network. Each VDM 
device converts voice and data to Ethernet packets to be sent over the HVDN network 
and converts received packets to voice and data signals to be sent to the attached phone 
and computer. Similarly the LTW device converts received Ethernet packets to signals to 
communicate with an ISP or the PSTN, and converts incoming signals from the ISP and 
PSTN to Ethernet packets. 

Each network device, VDM and LTW, connected to the home voice and data 
network has an address and within this address is an address capacity to separate the 
phone and the computer that can be attached to the VDM. To place a call from one phone 
to another phone within the network a predefined number is dialed which commands the 
VDM to which the calling phone is attached to send a ringing signal to the VDM to 
which is attached the receiving phone is attached and request a connection. Each VDM 
device is assigned an ID number that allows the VDM devices to communicate with each 
other. 

The ringing signal sent between VDM devices is first converted to an Ethernet 
packet. When the ringing packet is received by the VDM that has an ID that matches the 
destination address (DA) of the packet, the VDM extracts the content of the packet, 
recognizes it is a ringing signal and attempts to ring the phone which is connected to the 
receiving VDM. If the receiving phone is already in use a busy signal is sent back to the 
sending VDM by means of an Ethernet packet. If the receiving phone is not busy, a 
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ringing signal is sent to the receiving phone until the receiving phone is picked up or the 
sending phone is hung up. Through out this ringing procedure the two VDM devices 
communicate the status, such as ringing phone, receiving phone picked up and connected, 
and sending phone hung up. When the receiving phone is picked up, a packet is sent back 
to the sending VDM that a connection is made. Communication between the sending and 
receiving phone is by converting a voice signal at one end of the connection to an 
Ethernet packet, receiving the packet at the other end and converting it back to a voice 
signal to be connected to the phone receiving the signal. The VDM devices involved in 
the phone communications monitor the progress of the communication, communicating 
with each other by means of Ethernet packets. If one phone is hung up, the VDM to 
which that phone is attached sends a hang up packet to the second VDM device involved 
in the connection. The second VDM terminates the connection. 

A multiple number of phones (conference call) can be connected in a fashion 
similar to the connection between two phones in the network, where the ID of each VDM 
involved in the conference call is known to the other VDM devices. A voice signal is 
converted to a Ethernet packet by a sending VDM which is sent to the receiving VDM 
devices involved in the conference call. Each of the receiving VDM devices will then 
convert the packet back to a voice signal to be sent to the attached phone. The total 
connection will not occur until the last VDM and its phone is connected, nor will the 
connection be terminated until the next to the last VDM and its phone is disconnected. 

Computers connected to the VDM devices can communicate by either a modem 
where the VDM device converts the voice like signals from the modem to Ethernet 
packets, or by traditional Ethernet protocols where the computer sends Ethernet packets 



5 



WC 99-001 




to the VDM device to which the computer is attached. Similar to a phone connection, the 
VDM devices involved in a computer to computer connection establish and monitor the 
connection using the network ID's to identify sending and destination addresses. The 
computer connection is terminated when one of the two computers involved in a 
computer to computer connection disconnects from the HVDN network. 

Communications external to the HVDN network is done through a LTW device 
which has a network ID number like the VDM devices that are connected to the network. 
The LTW converts Ethernet packets from the VDM devices to Internet packets that can 
be transmitted through the Internet. When a telephone connected to a VDM needs to 
place a call through the Internet, calling telephone dials a destination number, the VDM 
converts the telephone signal to a packet and sends the packet the LTW device ID as the 
destination address. The LTW converts the received Ethernet packets to Internet packets 
to be sent to the ISP. The present invention enables Internet Telephony without a special 
telephone, like an IP phone, or through the computer device. Connections to a phone 
external to the HVDN network can also be established by the LTW device through the 
Public Switched Telecommunication Network (PSTN) to handle incoming calls as well 
as placing local calls outside of the HVDN network. Since LTW devices have ID 
numbers as do the VDM devices, packets can be sent between LTW devices and VDM 
devices that dial the number of a particular phone, ring the called phone, make the 
connection and hang up the connection when the phone communications is terminated. 
The use of Internet Telephony compared to PSTN can be dependent upon the use of an 
area code in the phone call being placed from within the HVDN network. Calls received 
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through the Internet Telephone will be dependent upon the Internet Telephony being 
available at the phone external to the HVDN network. 

^The function of the HVDN network is differed than a PBX box. The PBX box 
can only direct calls to different phone lines and requires each phone connected to the 
PBX box to have a dedicate line to that phon^f The HDVN network, in comparison, can 
direct an incoming call from the PSTN to/any or all phones and can allow any phone 
within the HDVN network to communicate with any or all phones within the network 
while using the exiting telephone firing within a home or building. 

A plurality of VDM devices can be used as a standalone voice and data network 
without the use of a LTW or a PBX. The plurality of VDM devices could be located at 
different locations in a room and at locations in different rooms. The plurality of VDM 
devices would provide room to room and station to station voice communications, or data 
communications, or a mixed voice and data communications. Each VDM would have a 
unique device ID that can be programmed by the user to allow the room to room and 
station to station voice or data communications. 



BRIEF DESCRIPTION OF THE DRAWINGS 
This invention will be described with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a block diagram of a PBX system of prior art, 

FIG. 2a is a block diagram of the voice and data system of the present invention, 
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FIG. 2b is a flow diagram showing the overall method of communications in the 
voice and data system, 

FIG. 3a is a functional flow diagram for a voice and data module when placing a 
call outside of the wired network in a building, 

FIG. 3b is a functional flow diagram for a voice and data module when placing a 
call to a phone inside the wired network in a building, 

FIG. 4 is a functional flow diagram for a voice and data module when receiving a 

call, 

FIG. 5 is a functional flow diagram for a link to wide area network device when 
receiving an outside call, and 

FIG. 6a and 6b are a functional diagram for a link to wide area network device 
when placing an outside call. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In FIG. 1 is shown a PBX system of prior art. A number of phones 10 are 
connected to a PBX box 12, each through a private wired connection 11. The PBX box 
12 routes incoming and outgoing calls between telephones 11, and between telephones 1 1 
and a Public Switched Telecommunication Network (PSTN) 13. Each phone 10 is wired 
directly to the PBX box 12 which requires a wiring network that is different than the 
wiring configuration of most homes and buildings that have a multiple number of phone 
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outlets. While being expensive to purchase, the PBX box requires an expensive rewiring 
of existing homes or buildings. 

In FIG. 2a is shown a block diagram of the home voice and data network (HVDN) 
20 of the present invention. A plurality of voice and data modules (VDM) 21 are 
connected to the telephone wiring 22 in a house or building. The wiring 22 can also 
include telephone wiring in a plurality of buildings as long as there is a wired connection 
between the buildings that does not require a connection to a PSTN. Each VDM location 
is assigned an address 23, e.g. 1A, 1B„, 1M. The individual VDM 21 within a location is 
addressed as 1 AO, 1B0„„ 1M0. Connected to each VDM 21 can be a phone 24 and a 
computer (PC) 25. Each phone 24 and each computer 25 have separate addresses, e.g. 
1 Al for the phone 24 and 1 A2 for the computer 25 connected to VDM-0 21 with address 
1A0. The computers are designated as PC-0, PC-1„„ PC-m and imply personal 
computers, but any computer capable of communicating by means of Token in Ethernet 
Protocol (TEP) technology or by modem can be connected by means of the HVDN 
network. 

Continuing to refer to FIG. 2a, a link to wide area network (LTW) device 26 with 
a network address IX is connected to the wiring network 22 of the building and provides 
a communication port to the outside of the HVDN. Connected to the LTW 26 is a PSTN 
27 and an Internet service provider (ISP) 28. The LTW device 26 can be connected to a 
number of individual phone lines 29 depending on the capacity required by the home or 
building being services by the HVDN. The LTW device 26 receives phone calls from 
and places calls to external phones by way of the PSTN 27 and Internet telephony 
through the ISP 28, and connects the calls to the appropriate phone address as directed by 
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an extension number. Although the computers 25 can be connected to the Internet 
through modem connections through the LTW device 26 and the PSTN 27, a more 
efficient connection is made through the LTW device 26 directly to an ISP 28. The LTW 
device 26 converts between Ethernet packets and Internet packets to provide 
communications between the computers 25 connected to the HDVN 20 and the ISP 28. 

Continuing to refer to FIG. 2a, when a phone 24 needs to place a call through the 
Internet, the telephone 24 dials a destination number, the VDM 21 will convert the signal 
from the telephone 24 to an Ethernet packet and sent the packet to the LTW device 26. 
The LTW device 26 converts the Ethernet packet to an Internet packet if Internet 
Telephony is to be used, or if the local PSTN 27 is to be used the LTW device 26 
converts the Ethernet packet containing the dialed number signal from the telephone 24 
to a dialing signal and connects it to the PSTN 27. The LTW device 26 converts 
responses from the ISP 28 and the PSTN 27 to Ethernet packets and sends them to the 
network address of the phone 24 that placed the call. Besides converting packets and 
signal and passing them between the connected phones, the LTW device 26 also detects 
busy signals and hang up signals from the remote phones, converts these signals to 
Ethernet packets and passes packets to the VDM 21 to which the internal network phone 
24 is connected. 



V Continuing to refer to FIG. 2a, multiple/phones 24 can be connected in a 
conference call configuration where the addresses of each of the phones involved 24 and 
their respective VDM devices 21 are designated as part of the phone call and known to 
the LTW device 26 as well, as all the VDM devices 21 involved. Many newer homes and 
building are wired with two separate^phone lines even though only is used to connect to 
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the local phone company. This provides the possibility of separating the communications 
into two distinct and separate HVDN networks 20 each with a separate LTW device 26. 
A connection of a VDM 21 to the telephone wiring 22 in a house or building will most 
likely be made at wall connector originally used to provide a connection for a phone 
device; however, multiple VDM devices 21 can be connected to the telephone wiring of 
the house or building at these wall connectors and each can have a different length in the 
network. 

In FIG. 2b is shown a functional flow diagram for a VDM device 21 monitoring 
the network for calls and participating in making connecting calls between phones and 
between computers. The term call for the flow diagram of FIG. 2b is meant to refer to a 
request for a connection either between phone or between computers even though the 
details are not necessarily the same. The VDM monitors the network for an incoming call 
to either the phone or the computer attached to the VDM. From the perspective of the 
VDM it matters little where the incoming call originates except for the network address 
of sender of the call. An outgoing call will be differentiated between one contained 
within the network by addresses of other VDM devices which are usually extension 
numbers for telephones and one to outside of the network by the address of the LTW 
device which is signified by a prefix telephone number like the number M 9". 
Communications between network devices, VDM and LTW, is by means of Tokens in 
Ethernet Protocol (TEP). Using Ethernet tokens allows each phone 24 and computer 25 
connected to a VDM device 21 to be actively communicating over the network 22 during 
the same period of time. 
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Continuing to refer to FIG. 2b, a VDM 21 monitors the network for an incoming 
call 220, and monitors the attached phone 24 and the attached computer 25 for initiating 
an outgoing call 221. If an outgoing call is detected 222 from either the attached phone 
24 or the attached computer 25 and a busy signal 223 is detected from the destination 
address then the call is disconnected 224 and the VDM returns to monitoring the attached 
phone and computer. If the call is an outgoing call 222 from the phone 24 or computer 25 
connected to the VDM 21 and if there is no busy signal from the destination address 225, 
then the call is connected 224. If the destination address is another VDM connected to the 
network, then the call is within the home or building containing the wired network. If the 
destination is the LTW device 26, the call is outside of the network to an ISP 28 of a 
PSTN 27. If the call is not complete 227, the VDM continues to monitor the call for a 
hang up signal from the attached phone or computer, or from the destination device. If 
the call is complete 228 signaled by the hang up or disconnect of either or both elements 
doing the communications, the call is disconnected and the VDM returns to monitoring 
the attached phone and computer for an outgoing call. 

Continuing to refer to FIG. 2b, if there is not an outgoing call 229 and there is not 
an incoming call 230, then the ADM continues to monitor the network for a call 220. If 
there is an incoming call 23 1 and if the phone or the computer is busy to the call 232, 
then the call is disconnected 233. To disconnect the call a packet containing a busy signal 
is sent to the sending network device, a VDM or a LTW, and the sending network device 
terminates the call. If there is an incoming call 23 1 and the phone or computer to which 
the call is directed is not busy 234, then the incoming call is connected 235. The call 
continues 236 until the communications are complete 237. Upon completion of the call 
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237, the call is disconnected 233, and the VDM returns to monitoring the network for an 
incoming call 220. In disconnecting a call, the two network devices involved in the call, 
either two VDM devices or a VDM device and a LTW device, must communicate with 
each other using Ethernet packets signaling that the call has been terminated by either or 
both devices which make up the connection. Phone calls and computer calls are 
disconnected when a phone hang up is detected or a computer disconnect signal is 
detected, and the VDM returns to monitoring network for incoming calls. 

In FIG 3a is shown is a functional flow diagram for a VDM device 21 placing a 
call to a phone outside the HVDN network 20. Each VDM device 21 monitors the phone 
which is connected to it for a dial signal. If dial signal is not detected 42, the VDM device 
21 continues monitoring the phone for a dial signal. If a dial signal is detected 40 and if 
the signal is for a phone outside of the HVDN network 43, then the LTW address as the 
destination address DA and store the dialed number 44. The VDM sends a request for a 
connection packet to the queue 45 with DA as destination address and port ID as the 
source address. If the connection packet is not received 46, send a request for a 
connection packet to queue 45. If the connection packet is received 47 and if the line is 
not available 48, hang up the phone and monitor phone for dial signal. If the connection 
packet is received 47 and the line is available 50, send the connection packet to the queue 
with DA as the destination address and port ID as source address 5 1 . The VDM detects a 
packet from the LTW 52 and if the line is busy 53, hangs up the phone 49. If the line is 
not busy and the connection is not made 55, send dialing signal to remote phone 56. If 
hang up signal is received from phone connected to the VDM 57, send a hang up signal 
to queue with DA as destination address 65 an hang up phone 49. If no hang up signal is 
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received 58, return to monitoring line for a connection to be made through the LTW. 
Detect Ethernet packet from the LTW 52. If the line is not busy and the connection to the 
remote phone is made 59, convert a voice signal from the local phone making the call to 
Ethernet packets with DA as destination address 60. If a hang up packet from the LTW is 
detected 61, then hang up phone 49. If hang up packet from LTW is not detected 62 but a 
phone hang up is detected by the VDM 64, then send a hang up packet to queue with DA 
as the destination address 65 and hang up the phone 49. If hang up packet from LTW is 
not detected 62 and if the phone is not hung up 63, then continue to convert voice signals 
to Ethernet packets with DA as destination address 60. 

Referring to FIG. 3b, if a phone call is not placed to a phone outside of the HVDN 
network 41, then determine the port address within the HVDN network and store as 
destination address DA 70. Send a request for a connection packet to queue with DA as 
destination address and port ID as source address 71. Detect a voice packet from a 
destination VDM 72, and if the line is busy 78, send a busy signal to phone 79. If the 
phone is not hung up 80, continue to send a busy signal to the phone 79. If the phone is 
hung up, return to monitoring the phone connected to the VDM for a dial signal. If the 
line is not busy 73 and if the connection is not made 74, send a ring back signal to phone 
75. If the phone is not hung up 76, then return to detecting a packet from the destination 
VDM 77 to check for a connection to be made. If the phone is hung up 91, send a hang 
up packet to queue with DA as destination address 90. If a connection is made 82, 
convert the resulting voice signal to an Ethernet packet and send packet to queue with 
DA as destination address 83. Convert received voice packet to a voice signal and send to 
the attached phone 84. If a hang up packet is received 85, hang up phone 86 and return to 
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detecting a dial tone from the attached phone. If a hang up packet is not received 87 and 
if the phone is hung up 89, then send hang up packet to queue with DA as destination 
address 90 and return to detecting a dial tone from the attached phone. If a hang up 
packet is not received 87 and if the phone is not hung up 88, then continue to convert 
voice signal to Ethernet packet 83 and convert received voice packets to voice signals 84. 

Referring to FIG. 4, a VDM monitors the HVDN network for voice packets 100 
to detect a receiving call. If a connection is not requested 101, then monitoring network 
to detect voice packets continues 100. If a connection is requested 102, then the source 
address is stored in a packet as destination address DA 103. If phone line is not available 
104, send packet with busy signal to queue with DA as destination address and port ID as 
source address 105 and return VDM to detecting voice packets 100. If phone line is 
available 106, send packet with dialing signal to queue with DA as destination address 
and port ID as source address 107. Send ring signal to phone connected to VDM 108. If 
the phone is not picked up 109 and a hang up packet has not been received 111, then send 
a packet with dialing signal to queue with DA as destination address and port ID as 
source address 107. If the phone is not picked up 109 and a hang up packet has been 
received 110, then return VDM to detecting voice packets 100. If phone has been picked 
up 112, send packet with connected signal to queue with DA as destination address and 
port ID as source address 113. Convert voice signal to Ethernet packet with DA as 
destination address and device ID as source address 1 14. Convert received voice packet 
to voice signal and send to phone 1 15. If a hang up packet is received 1 16, hang up phone 
117 and return to detecting voice packets 100. If hang up packet is not received 1 18, and 
hang up signal from phone is not received 119, then continue converting voice signals to 
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Ethernet packets with DA as destination address and device ID as source address 1 14. If 
hang up packet is not received 118, and hang up signal from phone is received 120, send 
packet with hang up signal to queue with DA as destination address and port ID as source 
address 121, and return to detecting voice packets 100. 

Referring to FIG. 5, an LTW device receives calls from outside the HVDN 
network, If there is no incoming call 130, continue to monitor for an incoming call. If an 
incoming call is detected 131, ask for an extension number 132. If an extension number is 
not received 135, then store predefined port address for no extension number as 
destination address DA 136. If an extension number is received 133, store port address 
assigned to the extension address as the destination address DA 134. Send a request for 
connection packet to queue with DA as destination address 137. If line is busy 138, direct 
outside line to mail box if available or send a busy signal to outside line then hang up 
connection to outside line 139. If line is not busy 140 and if a connection is not made 
150, then the LTW continues to monitor for a connection packet 161 . If there is no hang 
up signal from outside line 151, then the LTW continues to monitor connection status. If 
there is a hang up signal from the outside line 1 52, then a packet is sent with the hang up 
signal to queue with DA as destination address. If line is not busy 140 and if connection 
is made 154, then the LTW converts incoming voice signal to an Ethernet packet with 
DA as destination address and device ID as source address, and converts received voice 
packets with DA as source address to voice signals to be sent to outside line 155. If a 
hang up packet is received from the destination port 156, hang up the out side line 157 
and return to monitoring for an incoming call. If no hang up packet is received from the 
destination port 158 and there is no hang up signal from the outside line 159, continue 
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converting incoming voice signals to Ethernet packets and converting voice packets to 
voice signals 155. If no hang up packet is received from the destination port 158 and 
there is a hang up signal from the outside line 160, send packet with hang up signal to 
queue with DA as destination address 153 and return to monitoring for an incoming call. 

Referring to FIG. 6a 5 an LTW device places a call to a phone outside of the 
HVDN network. The LTW detects the network for voice packets 170. If no outside 
connection is requested 171, the LTW continues to monitor the network for voice packets 
170. If an outside connection is requested 172, the source address is stored in a packet as 
DA 173. If the phone line is not available 174, a packet is sent to queue with no line 
available with DA as destination address and port ID as source address 175. If the phone 
line is available 176, a packet is sent with line status to queue with DA as destination 
address and port ID as source address 177. The dialing number is stored in packet content 
180 and the stored number is dialed to the outside line 181. If the outside phone is not 
connected 1 82 and the line is not busy 1 83, then a packet is sent with dialing signal to 
queue with DA as destination address and port ID as source address 184. If hang up 
packet is not received 185, continue monitoring for connection to outside phone. If hang 
up packet is received from requesting phone within the HVDN 186, hang up outside line 
187 and return to monitoring the network for voice packets 170. If the outside phone is 
not connected 1 82 and the line is busy 1 88, then a packet is sent with busy signal to 
queue with DA as destination address and port ID as source address 189, and outside line 
is hung up 1 87. If a connection is made with the outside phone 190, a packet with a 
connection signal is sent to the queue with DA as destination address and port ID as 
source address 200 as shown in FIG. 6b. 
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